This study was carried out to estimate the genetic parameters for post-weaning body weight at 4, 6, 8,[6][7][8][8][9][10] rabbits. Data consisted of records of 3891 progenies born from 219 does and 65 sires during five consecutive years. The statistical analysis was carried out by weighted data using a single trait animal model to estimate additive, common litter effects and residual variances. The model included the fixed effects (season, parity and litter size at birth) and random effects (additive genetic and common litter effect in addition to random error) for post-weaning growth traits.
Rabbit play an important role in solving problem of meat shortage. Rabbits compared to other livestock species require low investments at the same time they are highly prolific. This is due to high potential for reproduction, rapid growth rate, and reaches sexual maturity at an early age, and efficient feed conversion. In addition, the rabbit meat is white, easily digestible, and low in cholesterol and sodium content. Also, they have short generation interval, limited vital space and ease of rearing. It is evident that the body weight and growth rate of weaned rabbits depend on various factors such as, age and weight of dam at kindling, litter size at birth, season of kindling, sex of kits etc (McReynolds, 1974; Bhasin et al., 1996) . Reliable estimates of genetic parameters are needed for accurate prediction of breeding values and for the design of efficient improvement programmers'. Estimation of genetic parameters involves partitioning phenotypic covariances between relatives into two or more components such as additive genetic effects, dominance, epistasis and permanent and temporary environmental effects (Falconer, 1981) . Estimates of heritabilities and common environmental effects are functions of variance components, and these parameters may be specific for a particular population and time period. Heritability is a concept that summarizes how much of the variation in a trait is due to variation in genetic factors. It is an essential determinant of genetic progress. Knowledge of heritability estimate is therefore an important guide to the best route for genetic improvement (Lasley, 1978) .
Therefore, the aim of this study to estimate genetic aspects of postweaning for growth traits in New Zealand White rabbits.
MATERIALS AND METHODS

Animals and data
Individual body weight (BW) at 4, 6, 8,10 and 12 weeks and growth rate (RG) during the periods 4-6, 6-8, 8-10, 10-12 and 4-12, 6-12 and 8-12 weeks in New Zealand White (NZW) rabbits were recorded. Data consisted of records of 3891 progenies born from 219 does and 65 sires for five consecutive years. Mating, according to the breeding plan, a buck was assigned at random for every 3-4 does for mating with a restriction of avoiding full sib, half sib and parent-offspring mating. Each buck was given the chance to produce all his litters from the same females all over the period of the study. Does were palpated 10 days later. Therefore, the mating design produced several progeny for each successful sire-dam combination.
Starting mixed model was obtained applying REML method of VARCOMP procedure of SAS 2003. These starting values used for the estimation of the more precise and reliable estimates of single-trait animal model variance and covariance components Data were analyzed using single-trait animal model of body weight and growth rates using MTDFREML programs of Boldman et al. (1995) . Analyses were done according to such general model: y = Xb + Z aa +Z cc + e. (Model2) Where, y=Vector of observation, X= Incidence matrix of fixed effects; b = vector of fixed effects including season (3 levels), parity (5 levels), and type of birth (7 levels); Z a and Z c = Incidence matrices corresponding to random effects of additive (a) and common litter, e = Vector of random errors.
All estimates of BLUP were derived by single-trait animal model (STAM) using the STDFREML program (Boldman et al. 1995) adapted to use the sparse matrix package, SPARSPAK (George and Ng 1984) . The STAM considered the relationship coefficient matrix (A -1 ) among animals in the estimation (Boldman et al. 1995) . Heritability were computed as additive direct (h 2 a= σ 2 a/ σ 2 p), where σ 2 a and σ 2 p are the variances due to effects of additive genetic and phenotypic, respectively.
Growth rate = x 100
Where W1 = Weight at the beginning of the period, W2 = Weight at the end of the period.
Breeding values:
The (co) variances matrix estimated using STDFREML analysis was used by the same software to predict breeding values, their accuracies (raâ) and standard errors. The accuracies of BLUP estimate for each individual was estimated according to the equation suggested by Henderson (1973) .
RESULTS AND DISCUSSION
Means, standard deviations, coefficients of variation (CV%), minimum and maximum for body weights at 4, 6, 8, 10 and 12 weeks of age (kg) and growth rate during the period of 4-6, 6-8, 8-10 and 10-12 weeks of age (%) are presented in Table 1 .
Means of body weights and growth rates observed at different ages were within the range reported (Khalil and Afifi, 2000; Afifi and Farid, 2001; Iraqi 2003 Iraqi & 2008 Youssef, 2004; Abou Khadiga, 2004; Youssef et al., 2008; Youssef et al., 2009; Nowier, 2012 and El-Badawy, 2015) . Means of growth rate between weaning weight at 4 weeks and 6 weeks were higher than during all other period. This might be due to maternal ability along with their postnatal milk production. Estimates of CV% of body weights decreased with the advancement of age. This trend might be reflecting that when the bunnies advance in age, they become progressively less sensitive to non-genetic maternal effects (Khalil et al., 1987) . CV% estimates for growth rate during all periods were not consistent and slightly high. This means that improvement of these traits through phenotypic selection may be easier to achievement. Table 1 . Means, standard deviations, coefficients of variation (CV%), minimum and maximum for body weights at 4, 6, 8, 10 and 12 weeks of age (kg) and growth rate during the period of 4-6, 6-8, 8-10 and 10-12 weeks of age (%) in NZW rabbits.
Variance components and proportions:
Proportions and standard error of additive genetic (h 2 a ) , common litter effect (c 2 ) and error (e 2 ) relative to phenotypic variance for body weights at 4, 6, 8, 10 and 12 weeks of age (kg) and growth rate during the periods of 4-6, 6-8, 8-10 and 10-12weeks of age (%) in NZW rabbits are presented in Table 2 .
Heritability:
Estimates of heritability in Table 2 for body weights were low and moderate, ranged from 0.13 to 0.20 at 4, 6, 8, 10 and 12 weeks of age. Estimates of heritability were low and not consistent for growth rate during the studied periods and they ranged from 0.06 to 0.13. Moderate heritabilities, obtained in this study, for body weights were similar to those estimates reported earlier (Estany et al., 1992; Ferraz and Eler 1994 Gomez et al., 2000 Iraqi et al., 2002 and Iraqi, 2008; Behiry, Fatmah 2014) . Iraqi (2003) and Youssef et al. (2009) with BR and/or NZW rabbits found increasing h 2 a , with the advancement of age, may be due to high non-additive genetic effects such as common litter effects. While, heritability obtained in this study, for body weight was Table 2 . Proportions and standard error of additive genetic (h 2 a ) , common litter effect (c 2 ) and error (e 2 ) relative to phenotypic variance for body weights at 4, 6, 8, 10 and 12 weeks of age and growth rate during the period of 4-6, 6-8, 8-10 and 10-12 weeks of age in NZW rabbits.
higher than results of 0.007, 0.043 and 0.082 for BW4, BW8 and BW11 weeks of age, respectively. Ferraz et al. (1992) and, Lukefahr et al. (1996) , who reported heritability of 0.04 for weaning weight based on animal model estimates. The differences observed in the heritability estimate might be due to differences in the method of estimation and the role played by various environmental factors. Moderate heritabilities obtained here for body weights might indicate that suggested that improvement of body weight could possibly be achieved through selection.
Common litter effect (c 2 ):
Common litter effect (c 2 ) of body weight at weaning was higher (0.69) compared to that at advanced age. It declined gradually when bunnies older (0.54, 0.44, 0.37 and 0.32 at 6, 8, 10 and 12 weeks of age). Table 2 , indicated that bunnies started to express than own genetic abilities along with increasing its variances and also declining maternal effects. The same trend was observed by Ferraz et al., 1992; Ferraz et al., 1996; Iraqi et al., 2002; Iraqi 2003; Hassan 2004; Youssef, 2004; Iraqi 2008 and Youssef et al., 2008 & 2009 . Also, common litter effects (c 2 ) of growth rate between weaning weight and 6 weeks were higher than rest of all the periods. Lukefahr et al. (1996) and mature weight were considerably larger than those of additive genetic variance or residual environmental variance. Also, Ferraz et al. (1992) , Iraqi et al. (2002) , Iraqi (2003) and Iraqi (2008) reported that common litter influences might be more important than additive genetic effects for postweaning growth in rabbits. This trend could be to some extent to the consequence of the genetic variation, in some characters of the dam, such as mothering or maternal ability (Mrode, 1996) , Youssef et al., (2009) reported that the common litter effect could be accounted for common maternal environmental variation, non-additive genetic variation and any sire x dam interaction that may present, since this component largely represented covariance between full sibs families. In addition to that, another source of common maternal environmental variance between families may be due to nutritional and/or climatic factors. From these results, the common litter effect should be considered in genetic evaluation of breeding programs. Behiry, Fatmah (2014) reported that NZW rabbits are affected more by common litter effect, than Baladi Red and crossbred rabbits.
Error proportion e 2 :
Error proportions (e 2 ) estimated by using the relationship between animals and the inclusion of common litter effect (c 2 ) in the animal in the model lead to reductions in error proportions. The estimates of (e 2 ) for body weight that ranged from 0.18 to 0.48. However, they were moderate or slightly high to growth rate during all the periods ( Table 2) . Results of the current study here were similar to those estimates by Youssef, 2004 and Youssef et al., 2009 . Iraqi (2003 showed that estimates of experimental error variance were very high when using Model 1, with direct additive + error for all the studied body weights. However, he related that these variances were reduced when using Models 2, with direct additive + common litter effect + error. Therefore, common litter and maternal genetic effects should be considered in the model (Ferraz et al., 1992) .
Breeding value:
Estimates of minimum and maximum of all progeny breeding values (BV) for body weight ranged from -0.244 to 0.389, from -0.245 to 0.362, from -0.259 to 0.346, from -0.195 to 0.235 and from -0.233 to 0.265 grams at 4, 6, 8, 10 and 12 weeks of age respectively. Ranges of breeding values decreased with advanced of age (0.633, 0.607, 0.605, 0.403 and 0.498 grams) at 4, 6, 8, 10 and 12 weeks of age respectively. Also, their accuracies were high (Table3). Table 3 . Breeding values (BV), standard error (SE) and accuracy ranges (RI) of body weights at 4, 6, 8, 10 and 12 weeks of age (kg) and of growth rate during the period of 4-6, 6-8, 8-10 and 10-12 weeks of age (%) in NZW rabbits.
Minimum, maximum and ranges of predicted breeding values of growth rate were high during period 4 to 6 weeks and decreased at 6 to 8, 8 to 10 and 10 to 12 weeks and their accuracies were high for all periods. Results of this study were similar to those estimates by Iraqi et al. (2002) who reported that BV for body weight at 8 and 12 weeks of age ranged from -269 to 303 and -315 to 324 grams, respectively in NZW rabbits. Hassan (2004) reported that, considering all sires, the minimum and maximum growth traits estimates of sire breeding values (SBV) at 5, 8 and 10 wks of age were not consistent among the three studied ages, which the ranges of SBV were in general higher at 5 and 10 wks than at 8 wks of age. Positive estimates of sire transmitting ability (STA) ranged from 46.2 to 61.0 % for body weights at 5, 6, 8 wks of age. These results indicated that NZW rabbits would respond to selection better at weaning (5 wks of age) and at 10 wks of age than at 8 wks of age. El-Badawy, Faten (2015) reported that the predicted breeding value (PBV) of all progeny for body weight at 6, 8, 10 and 12 weeks of age in NZW rabbits ranged from -330 to 120, -230 to 170, -180 to 230 and -550 to 120 grams, respectively.
The ranges of breeding values were 450, 400, 410 and 670 grams, respectively. Their accuracies increased with age. Behiry, Fatmah (2014)
Traits
Min Max Range  ------------------------------------------------------------------------------------ reported that breeding values, of all progeny, for body weight at 6, 8, 10 and 12 weeks of age in NZW rabbits were 200, 320, 410 and 190 grams, respectively. Accuracies minimum and maximum for boy weights were mostly higher in Baladi Red than those in NZW and crossbred rabbits.
Pearson and rank correlation:
Pearson and rank correlations were estimated among breeding values by STDFREML (Table 4 ). All possible Pearson and rank correlations between body weights at different ages were low or moderate, positive and significant while the correlation were negative, low and not significant correlation were observed between body weight at 4 and 6 weeks, between 6 and 8 weeks and between 10 and 12 weeks. These results reflect the common litter effect when applying the animal model to the data and the existence of the common litter effect which could have masked a part of these differences attributed to the additive gene effect, i.e. increasing nonadditive genetic effects thus additive genetic covariance became relatively smaller (El-Deighadi, 2005) . This wide variation in estimates of Pearson correlations between body weights are in agreement with Iraqi, 2003; El-Deighadi, 2005 and Iraqi, 2008 . Estimates of Pearson and rank correlations between most growth rates during all the periods were wide, low, moderate or high positive and significant, while the correlation were negative, low and non significant during the period from 4 to 6 weeks , these estimates fall within the range of previous estimates by Iraqi, 2003; El-Deighadi, 2005 and Iraqi, 2008. The high estimates of Pearson correlations between body weights may be useful for selection at an early age. Hassan, 2004 reported that, across all traits, the product moment correlation coefficients among sires and dams and its rank's, according to their transmitting abilities, were highly significant and positive, except the correlation estimates between BV at 5 and 10 weeks of age. The same trend was observed in all rank correlations estimates among the ranks of the growth traits.
El-Badawy, Faten (2015) reported that using any of the correlation coefficients can do the job and they can substitute each other especially in large size population. The correlation estimates are obviously age dependent and reveal that correlated response of selection is quite feasible. Since, positive correlations of traits can suggest that these traits may be under the same gene action. 
